The aim of the present study was to explore the effects of Fructus sophorae extract (FSE) isolated from the dried ripe fruit of S. japonicum (L.) on the development of type II collagen-induced arthritis (CIA) in BALB/c mice. The CIA mice were orally administered FSE or saline daily for 2 weeks. The incidence and severity of disease and the inflammatory response in the serum and the joint tissues were assessed. Macroscopic and histological investigation indicated that FSE protected against CIA development. FSE was associated with a significant reduction in the levels of total immunoglobulin G2a and proinflammatory cytokines and mediators in the serum. In addition, FSE suppressed the gene expression levels of proinflammatory cytokines and mediators, the mediator of osteoclastic bone remodeling, the receptor activator of nuclear factor κ-B ligand and matrix metalloproteinases in the joint tissues. The present results suggest that FSE may protect against inflammation and bone damage, and would be a valuable candidate for further investigation as a novel anti-arthritic agent.
Introduction

F r u c t u s s o p h o r a e i s t h e d r ie d r ip e f r u it of
Styphnolobium japonicum (L.). It has traditionally been used for its anti-inflammatory properties, cooling blood and stopping bleeding (using blood cooling hemostatics) in Korean and Chinese medicine (1) . Several studies have demonstrated that Fructus sophorae has a preventative effect against osteoclastogenesis and bone loss (2, 3) and an inhibitory effect on the production of inflammatory cytokines in osteoblast-like cells (4) . However, few attempts have been made to observe the effects of Fructus sophorae on rheumatoid arthritis.
The incidence of rheumatoid arthritis (RA) is ~1% of the current adult population, and the incidence is increasing in industrialized countries, especially in women >65 years of age (5) .
RA is characterized by symptoms such as persistent synovitis and systemic inflammation, and consequently leads to the destruction of cartilage and bone. RA is a an autoimmune disease, yet the pathogenic causes of RA have yet to be elucidated.
An important factor that accelerates the pathogenesis of RA is the proinflammatory mediators that are overproduced by infiltrating inflammatory cells in inflamed joints. Within the inflamed RA joint, tumour necrosis factor (TNF)-α is one of the predominant proinflammatory cytokines, which provokes the release of several other proinflammatory cytokines, chemokines, prostaglandin E (PGE)2 and nitric oxide (NO), and has diverse pathologic effects relevant to RA (6) (7) (8) (9) (10) .
A major factor that promotes bone loss in RA is osteoclastogenesis by the binding of the receptor activator of nuclear factor-κB ligand (RANKL) to its receptor RANK on osteoclast precursor cells. RANKL serves an important role in osteoclast differentiation and induces the activation of matrix metalloproteinases (MMPs), which lead to the degradation of the extracellular matrix, loss of cartilage and formation of osteoclastic bone resorption pits within the joint (11) (12) (13) .
Collagen-induced arthritis (CIA) is the most widely investigated autoimmune arthritis model, and has provided a valuable experimental model for assessing the pathogenic mechanisms of human RA (14) .
In the present study using the CIA mouse model, the anti-inflammatory properties and protective effects against bone and cartilage damage of Fructus sophorae were investigated.
Materials and methods
Animals and Fructus sophorae extract (FSE) preparation.
Male BALB/c mice (age, 6 weeks; weight, 20-22 g) were purchased from SAMTAKO Bio Korea (Osan, Korea). Mice were housed in a temperature-controlled room (at 23±1˚C) with a 12:12-h dark:light cycle, in polystyrene cages at Dongeui University and provided with standard rodent chow and water ad libitum. Mice were cared for according to the Guide for the Care and Use of Laboratory Animals (National Academy Press, Washington, DC, USA). The experimental protocol was approved by the Institutional Animal Research Committee of Dongeui University on Animal Care and Use (approval no. DEU-R2014-008), and all efforts were made to minimize animal suffering and reduce the number of animals used for the experiments. FSE containing 20% isoflavone was provided by NOVAREX (Ochang, Gyeongsangbuk-do, Korea; www.novarex.co.kr). The extract was isolated from the dried ripe fruits of S. japonicum (L.) with 60% ethanol and was stored at -20˚C until required for experiments. Briefly, 10 g of Fructus sophorae (Jesung Pharmaceutical Co., Kyungdong Market, Korea) was crushed into 30-mesh size by using a dry pulverizer. Distilled water was added to the crushed Fructus sophorae to dilute it 10X, and the solution was heated at 121˚C for 2 h. Subsequently, the solution was cooled to 50˚C, followed by filtering with a 200-mesh filter cloth to remove precipitate and obtain the filtrate. Amylase (Pectinase 100 l, Novo Nordisk A/S, Copenhagen, Denmark) was added to the filtrate at a concentration of 0.5% (v/v), and an enzyme reaction was performed at 50˚C for 16 h. The reaction solution was centrifuged to recover precipitate 350 x g for 10 min at room temperature, and 60% ethanol was added to the recovered precipitate. The ethanol mixture was mixed for 30 min until the precipitate was completely dispersed. After mixing, the solution was left for 1 h, then centrifuged to remove precipitate and recover supernatant. The supernatant was concentrated to the volume of 1:10 using a concentrator, and the concentrate was powdered using a spray dryer to obtain 0.3 g of Fructus sophorae extract powder (yield to crushed material of Fructus sophorae: 3%).The voucher specimens (accession no. DEU-5) have been deposited at a publicly available Natural Resource Bank of Dongeui University College of Koreanl Medicine.
Induction of CIA and FSE treatment. Bovine type II collagen (CII) (Chondrex, Inc, Redmond, WA, USA) was dissolved overnight at 4˚C in 0.05 M acetic acid at 4 mg/ml, then the solution was emulsified with an equal volume of complete Freund's adjuvant (CFA; Sigma-Aldrich, St. Louis, MO, USA) in an ice-cold water bath. Arthritis was induced using an intradermal injection of 0.05 ml of the cold emulsion into the base of the tail. Two weeks later, the mice were administered a booster immunization with CII emulsified in CFA in the same manner.
Following the onset of CIA, mice were randomized into four groups (n=5/group) as follows: i) Non-immunized (normal control), ii) CII-immunized (CIA control), and CII-immunized FSE treated groups administered iii) 70 or iv) 350 mg/kg FSE. FSE dissolved in saline was administered perorally (p.o.) to two different groups (70 and 350 mg/kg) once daily for 2 weeks after immunization. The normal control and CIA control mice were administered the same volume of saline.
Assessment of CIA.
The clinical severity of CIA was quantified by three observers according to a graded scale from 0-4, as displayed in Table I . Each paw and tail were scored and yielded a maximum possible score of 19 per animal.
Paw swelling was measured by average hind paw volume via water plethysmography (Model 7150; Ugo Basile Srl, Varese, Italy) on day 0 (D0) and day 35 after immunization. The increase in paw swelling was calculated by using the following formula: Paw swelling increase (%) = (paw swelling on D35 after immunization) -(paw swelling on D0 prior to immunization)/(paw swelling prior to immunization) x 100
Histopathological assessment of ankle joint. The ankle joints were removed on day 35 and fixed for 24 h in 4% paraformaldehyde. The fixed tissues were decalcified in Calci-Clear Rapid (National Diagnostics, Atlanta, GA, USA), embedded in paraffin and sectioned (4 µm) using a microtome. Tissue sections were stained with hematoxylin and eosin and Safranin O/Fast Green staining (Sigma-Aldrich) to assess cartilage destruction. Bone destruction, vascular proliferation, synovial hyperplasia and inflammatory cell infiltration were assessed.
Spleen and thymus indexes. Mice were sacrificed by cervical dislocation after sampling for serum on day 35 after immunization. The wet spleen and thymus were weighed immediately following dissection. The indexes of the spleen and thymus were calculated by using the following formula: Index = spleen and thymus weight of mouse / body weight of mouse.
Measurement of proinflammatory cytokines and IgG2a
levels. Levels of total tumor necrosis factor TNF-α, interleukin (IL)-1β, IL-6 and immunoglobulin G (IgG)2a in the serum of mice were investigated using commercially available enzyme-linked immunosorbent assay (ELISA) kits (cat nos. 560478, 559603, 555240 and 552576, respectively; BD Biosciences Pharmingen, San Diego, CA, USA). The aforementioned proinflammatory cytokines and IgG2a were measured according to the manufacturer's instructions, and concentrations were recalculated from their respective standard curves.
Measurement of prostaglandin E2 (PGE2) and nitric oxide (NO) levels.
The level of PGE2 production in the serum of mice was measured using a commercially available ELISA kit (cat no. 514010; Cayman Chemical, Ann Arbor, MI, USA) according to the manufacturer's instructions.
Nitrite accumulation in the serum of mice was measured colorimetrically by the Griess reaction using a Griess reagent (Sigma-Aldrich). For the assay, equal volumes of the serum of CIA mice and Griess reagent were mixed, and the absorption coefficient was calibrated using a sodium nitrite solution standard (Sigma-Aldrich). The absorbance of each sample after the Griess reaction was determined using a microplate reader at 540 nm.
Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from joint tissues using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. The primers used to amplify TNF-α, IL-1β, IL-6, interferon (IFN)-γ, inducible NO synthase (iNOS), cyclooxygenase (COX)-2, RANKL, MMP-2, MMP-9, MMP-13 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) are shown in Table II .
For the experiment, 1 µg of total RNA and 20 µl of total reagents using One-step RT-PCR PreMix (iNtRON Biotechnology, Seongnam, Gyeonggi-do, Korea) was used. The PCR reaction was performed with a GeneAmp PCR System 9700 (Applied Biosystems; Thermo Fisher Scientific Inc., Waltham, MA, USA). The PCR products were separated by electrophoresis on 2% (w/v) agarose gels and visualized with ethidium bromide. The quantity of mRNA was normalized to the amount of GAPDH, which was utilized as a housekeeping gene for each experimental condition. Bands were quantified by densitometry software (Scion Image version Beta 3b; Scion Corp., Frederick, MD, USA).
Statistical analysis. Statistical analysis was performed using GraphPad Prism 5 package (GraphPad Software Inc., San Diego, CA, USA). All data are expressed as mean ± standard deviation. One-way analysis of variance followed by Dunnett's post-hoc multiple comparison tests was used to assess statistical significance. P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of FSE on macroscopic features of CIA. As displayed in Fig. 1A , significant increases in paw edema were recorded in CIA control mice following 2 intradermal injections of CII (P<0.001). In addition, macroscopic redness was observed, and a number of edemas were observed in several of the other joints of the CIA control mice. A significant reduction in paw edema was observed with FSE at 70 and 350 mg/kg/day, p.o. compared with the CIA control group (P<0.01 and P<0.001, respectively). The initial signs of arthritis development were visible between days 7 and 14 after primary immunization. The clinical scores of the CIA control group increased gradually after immunization, reaching a maximum score of 12.07 ± 2.77 by day 35. Treatment with FSE at 70 and 350 mg/kg/day, p.o. resulted in significant attenuation of arthritis clinical scores (P<0.05 and P<0.001, respectively; Fig. 1B) . The CIA control group revealed a considerable difference when compared with the normal group in paw swelling on day 35. FSE reduced paw swelling in a dose-dependent manner when compared with the CIA control group (Fig. 1C) .
Effect of FSE on histopathological changes. The current study conducted H&E and Safranin O/Fast Green staining to Table II . Primers used in the current study.
Gene
Sequences ( assess the effect of FSE on histological changes and cartilage destruction in the ankle joints. As indicated in Fig. 2 , the normal control group displayed normal healthy articular space and tissues. In contrast, the CIA control group demonstrated synovial hyperplasia, destruction of articular cartilage and narrowed articular cavity. Groups treated with FSE (70 and 350 mg/kg) displayed a marked reduction in synovial hyperplasia, destruction of articular cartilage and articular cavity changes (such as increased protrusion of synovial villi into the articular cavity) when compared with the CIA control group. 
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Effect of FSE on spleen and thymus indexes and level of serum IgG2a.
To examine the effects of FSE on the immune response in CIA mice, the current study investigated spleen and thymus indexes and levels of serum IgG2a. The CIA control group differed from the normal control group, displaying significantly high spleen and thymus indexes. FSE reduced the indexes of spleen and thymus when compared with those of the CIA control group (P<0.01 and P<0.05, respectively). However, FSE (350 mg/kg/day p.o.) did not induce a significantly lower thymus index compared with the CIA control group (Fig. 3A) . The serum IgG2a level, which is known to be pathogenic in CIA (15) was also evaluated. The CIA control group had increased serum IgG2a levels relative to those of the normal control group (P<0.05), whereas the FSE (350 mg/kg/day p.o.) group displayed suppressed serum IgG2a levels compared with those of the CIA control group (P<0.05; Fig. 3B ).
FSE suppresses production and mRNA expression levels of proinflammatory cytokines. RA is a systemic autoimmune disease, therefore circulating proinflammatory cytokine levels were measured in the serum and mRNA expression levels of these genes were investigated in joint tissues obtained on day 35. The CIA control group revealed increases in the levels of TNF-α, IL-1β, IL-6 and IFN-γ when compared with those of the normal control group, whereas FSE suppressed these cytokines when compared with those of the CIA control group (P<0.05, P<0.01 and P<0.001, respectively; Fig. 4A ). Consistent with results in the serum, significant induction of the TNF-α, IL-1β, IL-6 and IFN-γ genes was observed in joint tissues of the CIA control group in comparison with the normal control group (P<0.001). FSE downregulated the activation of these genes in a dose-dependant manner compared with the CIA control group (P<0.05 and P<0.001, respectively; Fig. 4B ).
Effect of FSE on PGE2 and NO production and mRNA expression levels of COX-2 and iNOS. PGE2 and NO, produced by COX-2 and iNOS, respectively, are important inflammatory mediators involved in the pathogenesis of RA. Levels of PGE2 and NO, the metabolites of COX-2 and iNOS, were evaluated in the serum and mRNA expression levels of COX-2 and iNOS were investigated in joint tissue obtained on day 35. A significant increase in PGE2 and NO production was observed in the CIA control group. FSE significantly reduced the levels of PGE2 and NO in a dose-dependent manner when compared with those of the CIA control group (Fig. 5A and B) . Consistent with results in the serum, a marked induction of the COX-2 and iNOS genes was observed in the joint tissues of the CIA control group in comparison with the normal control group. FSE downregulated the expression of COX-2 (both treatments) and iNOS (350 mg/kg group) when compared with those of the CIA control group (Fig. 5C ).
Effect of FSE on the mRNA expression levels of RANKL and
MMPs. The mRNA expression of RANKL, MMP-2, MMP-9 and MMP-13 genes was investigated in joint tissue obtained on day 35. Significant induction of the RANKL, MMP-2, MMP-9 and MMP-13 genes was observed in the joint tissues of the CIA control group compared with those of the normal control group (P<0.001). Treatment with 70 or 350 mg/kg FSE significantly downregulated expression of RANKL (P<0.001) MMP-2, MMP-9 and MMP-13 (P<0.05 or P<0.001) compared with the CIA control group (Fig. 6 ). These findings demonstrate that FSE suppresses synovial inflammation, cartilage damage and bone destruction.
Discussion
Fructus sophorae, the dried ripe fruit of S. japonicum (L.), is an herb for clearing heat (reducing fever), purging Pathogenic Fire and cooling the blood to stop bleeding in Korean and Chinese medicine, and has traditionally been used for its hemostatic properties (1). The current study revealed that some components in Fructus sophorae have hemostatic properties as well as anti-obesity, anti-tumor, anti-menopausal and anti-hemorrhoid effects (16) (17) (18) . However, a limited amount of research has investigated whether Fructus sophorae has therapeutic effects on RA.
In the present study, it was determined that FSE had potentially protective effects in a CII-induced CIA mouse model. The CIA mouse model is a useful animal model for the assessment of RA characterized by synovitis, leading to the progressive destruction of cartilage and bone (14) .
The initial clinical indicators of CIA were observed to be articular weakness, periarticular erythema and edema in the hind paws. FSE reduced the clinical symptoms, including arthritis clinical scores and paw swelling of CIA mice, in a dose-dependent manner (Fig. 1) . Histological observations supported the protective effect of FSE against the progress of the pathology of CIA, including synovial hyperplasia, a narrowing joint space and cartilage erosion (Fig. 2) . The aforementioned results suggest that FSE has an inhibitory effect against the clinical pathological development of CIA.
As RA is an autoimmune disorder, the effect of FSE on immune organs was also assessed and it was established that FSE downregulated the spleen and thymus indexes in mice with CIA (Fig. 3A) .
With regard to the pathological changes associated with CIA, the immune and inflammatory systems demonstrated increased serum levels of IgG2a, proinflammatory cytokines, T helper (Th) 1-mediated autoimmune component IFN-γ and other inflammatory mediators. In addition, this system induces an increase in gene expression associated with synovial inflammation, cartilage and bone destruction.
The B cell, which is predominantly mediated by the IgG2 isotype of anti-CII immunoglobulin, is critical to the development of CIA (15, 19) . In the current study, FSE inhibited serum IgG2a levels in a dose-dependent manner (Fig. 3B) . This suggests that FSE may reduce joint damage by inhibiting the production of IgG2a by controlling the organs of the immune system, including the spleen and the thymus in CIA pathology.
Proinflammatory cytokines, in particular TNF-α, IL-1 and IL-6, are expressed in joints and serve an important role in the development of collagen-induced arthritis (6, 7) . The aforementioned cytokines contribute to synovial inflammation by inducing the production of other cytokines, chemokines 
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and small proinflammatory mediators (for example PGE2 and NO) (20) . It has been determined that these cytokines also participate in the destruction of bone and cartilage by inducing expression of RANKL and MMPs in RA (6, 21, 22) . IFN-γ produced by CD4 Th1 cells is a potent inducer of the inflammatory response in CIA (15) . In the present study, FSE inhibited serum levels and gene expression of proinflammatory cytokines TNF-α, IL-1 and IL-6 and Th1-mediated cytokine IFN-γ (Fig. 4) . This suggests that FSE contributes to anti-inflammatory action by inhibiting serum proinflammatory cytokine release and the mRNA expression levels of proinflammatory cytokines in ankle joint tissue.
PGE2 and NO are synthesized in excess from the synovium of inflamed joints and exacerbate joint damage in RA. PGE2 and COX-2 induce vasodilation, fluid extravasation and pain in synovial tissue, and are implicated in the development of erosions of articular cartilage and bone (8) . NO causes T cell dysfunction and contributes to bone loss in patients with RA (10, 23, 24) . Evidence from previous arthritis studies reported that the inhibition of NO and iNOS mRNA levels was effective in the treatment of RA (25) . In the current study, FSE significantly inhibited serum levels of PGE2 and NO and gene expression of COX-2 and iNOS in a dose-dependent manner (Fig. 5 ). This suggests that FSE contributed to anti-inflammatory action via inhibition of serum PGE2 and NO release, in addition to mRNA expression levels of COX-2 and iNOS in ankle joint tissue.
RANKL and MMPs are potent biomarkers associated with bone and cartilage degradation. RANKL is critical for osteoclastogenesis, and regulates the differentiation, maturation and bone resorptive activity of osteoclasts (12) . Expression of RANKL is regulated by pro-inflammatory cytokines TNF-α, IL-1β and IL-6, as well as inflammatory mediators such as PGE2 (26) . MMPs are a family of zinc-dependent and calcium-dependent proteolytic enzymes secreted by the resident cells and invading cells of joint tissues (27) . MMPs are also induced by cytokines and growth factors and serve crucial roles in remodeling connective tissue and degrading the extracellular matrix (28) (29) (30) . The gelatinases MMP-2 and MMP-9 and the collagenase MMP-13 are important in arthritic disease and cleave native fibrillar collagen and degrade the extracellular matrix molecules of articular cartilage in RA (31, 32) . In the current study, FSE inhibited gene expression of RANKL, MMP-2, MMP-9 and MMP-13 in the inflamed RA joint tissue (Fig. 6 ). This suggests that FSE protects the cartilage and bone damage by inhibiting the gene activation of RANKL and MMPs in RA joint tissue.
The present study has demonstrated that FSE has a protective effect against disease progression in a mouse model of CIA. This effect is associated with the suppression of factors associated with the rheumatoid inflammatory response by FSE, synovial inflammation and cartilage and bone damage. The present results suggest that FSE may provide potential Figure 6 . Effects of FSE on mRNA expression levels of RANKL, MMP-2, MMP-9, and MMP-13 from joint tissue in CIA mice model. Representative RANKL, MMP-2, MMP-9, and MMP-13 mRNA expression level. The quantity of autoradiograph bands was conducted as described in Fig. 4 . Data are recorded as mean ± standard deviation from 3 experiments on joint tissues. Statistics were determined as described in Fig. 1 
protection against inflammation and bone and cartilage damage in RA and, as such, would be a valuable candidate for further investigation as a novel anti-arthritic agent.
In conclusion, the aim of the current study was to determine whether FSE has anti-arthritic effects. The anti-arthritic protective effects of FSE were identified, and the effects were observed to be associated with the suppression of inflammatory actions and protection of cartilage and bone damage in the mouse model of CIA.
